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_PREFACE

For the record, it is appropriate to give a brief

background as to the chronological evolution of the MARS
airplane concept*,

(Y

The concept for a Mars airplane evolved from a
January 1977 meeting between David Scott, former director

of NASA Drydren FRC, and Dr. Bruce Murray, director of Jet
Propulsion Laboratory (JPL).

' [Pl T )
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Basically, Dryden had developed a mini-remotely piloted
vehicle called the Mini-Sniffer which was designed to fly at
70,000 to 100,000 feet over the earth. The major driver for

Y Mt e D e

this plane was a low cost alternative to the U-2 for atmos-
pheric research. Dr. Jose Chirivella of JPL recognized the

potential of the Mini-Sniffer as a precursor for a Mars air-
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R

R e

plane. In essence, he had the good sense to realize that the
technology of aeronautics had substantially advanced to the
point where Mars airplane flight should be seriously considered.

A major factor in his thinking was that the Mini-Sniffer's

g

power plant, a new invention by James Akkerman of JSC, was an
airless hydrazine engine with low dry weight and reasonable
specific fuel consumption. In July 1977, Dr. Chirivella
enlisted Mr. Vic Clarke's active support for advancing the
Mars airplane. After the Mars 84 program failed to gain NASA
acceptance, it was decided to open up the options for Mars
exploration. Dr. Lou Friedman, the new Manager, gave Mr. Vic
Clarke $5,000 for a small Mars Airplane Study Contract to
industry in early October 1977. Dr. Chirivella and Mr. Clarke
visited several companies including Developmental Sciences
{DSI), and Lear Siegler Astronics (LSI). Eventially they chose
the DSI/LSI combination as being well qualified by reason of
their experience in superlight weight mini-RPV's and military

*In accomplishing this I draw heavily upon Mr. Victor Clarke

Jr.'s (JPL) historical account prior to DSI's chronological
envolvement.
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RPV flight control and navigation systems. DSI designed
and developed the Army's Aquila Mini-RPV. LSI suppiies the
flight control and navigation systems for Ryan's family of
drones. They also build the FC&N system for the L-1011.
DSI also was currently flight testing their design of an
unfolding airplane for the Navy, called NORF(, which fully
deploys in a fraction of a second. ("i1's background, see
Jane's "All the World's Aircraft.") Dr. Gordon Harris,
Mr. Abraham Kerem and myself worked on this study.

The results of this small study were reported in JPL
Document 760-198, Part I, on November 28, 1977, Basically,
DSY designed a plane which had the characteristics of a
competition glider, an airframe of 58 1lbs., a total dry
weight of 142 lbs., payload of 100 lbs., and an all up wecight
of 450 lbs. It had a tip-to-tip wing span of 15 meters and
was 5.25 m nose-to-tail. The airfoil used was a than, low
Re (40,000 - 70,000 range) Eppler type. At the same time,

Viec Clarke developed the concept of flying multiple air-
planes (16) with mil-spec or commercial hardware to achieve
major cost savings, while maintaining overall mission re-
liability.

Encouraged by the positive results, Dr. Friedman granted
Mr. Clarke $120,000 to delve deeper into the Mars Airplane.
From this sum, he gave DSI a £60,000 contract. DSI. in
turn, subcontracted to Lear Siegler for flight control and
navigation work, and to Dr. Peter Lissaman of AeroVironment,
Inc. for design of the propellor. (Dr. Lissaman is the aero-
dynamics designer of the Gossamer-Condor, the world's first
human powered airplane). This second contract started
February 15, 1978, and Mr. Kerem was made the DSI project
leader. On March 9, JPL and DSI/LSI went to NASA OAST to
give a presentation on the Mars airplane for purposes of
soliciting $19 million from OAST to develop and flight test
two pre-production prototypes by mid-1981. This presentation
is documented in JPL Publication 760-198, Part II, For this
presentation DSI had enlarged the plane to 300 kg all-up
weight with 40-100 kg payload, depending on range desired.

Vi
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For 40 kg, range is 6700 km. For 100 kg, range is 4800 km.
Wing span was increased to 2lm. The most significant factor,
however, was Mr. Kerem's ingenious design for stowing the
folded airplane into a Viking-like aeroshell only 1 foot
greater in diameter than Viking's. Essentially the Viking
aeroshell/parachute entry method was adopted. A major dif-
ference is that the total entry weight of the airplane system
is only 960 lbs as compared to Viking's 2160 lbs. Another
of Mr. Kerem's ingenious designs was to stack 7 airplane
capsules clustered around a pole mounted on the carrier
spacecraft. We then assumed direct entry of the capsules.

We have since backed off to four capsules carried into a

500 km x 4 sol orbit and deorbited like Viking. Three such
sets of four capsules arc envisioned to give 12 airplanes
total. The carrier spacecrafts kick into 1 sol synchronous
orbits to become comsats.

An unexpected result of the March 9, 1978 NASA Head-
quarters meeting was that OAST thought funds should be
solicited from 0SS becausc¢ the technology of the airplane's
design was well established. An airplane science working
group headed by Dr. John Minear, NASA-JSC was formed to re-
view science missions for the airplane. DS1 prepared payload
preliminary interface specifications dated March 20, 1978. Vic
Clarke proposed dividing science into four-plane squadrons
with identical ins.ruments for reliability, and to overcome
the obvious conflict between geochemistry and biology as was
expressed at the MSWG meeting. Each scientific discipline
can have their own set of four planes to do with as they
please.

The airplane science working group met May 8 and 9,1978
at JPL followed by a Mars Science Advisory group meeting
May 11 - 13, 1978 at JPL to which Dr. Minear presented his
group's findings. These showed the airplane to have unique
advantages for Mars exploration as an aerial survey platform,




SNSRI RN AR VRN RNt

e e e

for sample retrieval, and doployment of science packages.
Of particular importance was obtaining high resolution
(30 cm/pixel) oblique images over large tracts of rugged
land. A full scale forward section of the fuselage was
fabricated by DSI to demonstrate science instrument packaging ,f
in the payload compartments. Shortly thereafter data on a
new lithium primary battery become available that made elec-

tric propulsion potentially very attractive for the airplane.
DSI and JPL worke. hard to prepare the effect of this new
technology on the Mars airplane system and its performance
for the NASA Headquarters review. The Mars Mission review
was in Reston, VA, June 22 and 23, 1978. A 1/10 scale model
of the plane was built by DSI for this meeting.

While the Mars airplane (named Astroplane by DSI) was
given good marks, the NASA Headquarters initial position
was to go for a sample return mission which excluded aux-
iliary vehicles, i.e., penetrators, airplanes, large rover,
balls, and hard landers. There was a vocal minority opinion
at the meeting which advocated a more modest initial mission
including the Mars airplane and orbiter.

The DSI contract terminated August 15; 1978 with the
preparation of this final report. It is our hope that the
Mars airplane technology is continued by NASA in order that
its benefits can be utilized on a mission to MARS in the
1980s.

Respectfully,

(B

Gerald R. Seemann

velopmental Sciences, Inc. r
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MARS MISSION SCENARIO

One day in the mid 1980's, a strange group of objects
will be taken from the sterilization chambers at NASA-JSC.
The MARS AIRPLANES (Astroplanes) each multiply folded in its
own Viking-like aeroshell is encased in a bioshield. Twelve
Astroplanes and three Comsats will then be transported to a
space transportation system - Shuttle plus interim upper
stage. The three Shuttles will be launched a week apart.
Each spacecraft will consist of an orbiter (Comsat) and four
Astroplanes. The Shuttle will put the spacecraft into a
parking orbit. A two-stage, solid/liquid propellant IUS
rocket will be used to insert the spacecraft into Mars orbit.
Slightly over 9 months later the units will arrive at Mars.

The three spacecrafts would deorbit the 12 Astroplanes
from a 500 km altitude periapsis by 1 sol orbit, similar to
viking. If deorbited near thc equator and at selected longi-
tudes, they will be able to go anywhere on iMars. It is
expected that the Atroplanes will be deorbited one at a time
sequenced or at will. The spacecraft will be maneuvered
into a 4 sol synchonous circular orbit, 120° apart in longi-
tude, 28° inclination and form a MARS OMSAT network with
100%x global covarage. These long life Comsats would serve
as high capacity communication relay satellites to earth for
all Mars vehicles.

Each Astroplane will penetrate the Mars upper atmos-
phere inside its aeroshell until it reaches an altitude of
7.5 kn above the Mars surface. At this time a parachute entry
nystam deploys, slowing the aeroshell to 60 M/s. the plane
ungoslds, enqino starts, detaches from the parachute., and
flies off. Two options for the Astroplane are currently
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envisioned, (1) a powered cruiser which could carry up to Ll
100 kg of payload and fly for 18 hours and 5700 kr cr ~3,
(2) an Astroplane equippecd with a Viking lander variable thrust ‘ {
rocket so that it may soft land and later t ke-off which ’(
could carry 50 kg of payload, make two stops and travel over
3000 km. The Astroplane cruise; could be used to (a) per-

form high resolution photo. magnetic., gravity and geochemical i‘s'
aerial surveys, (b) perform acrial search for subsurface L
water, geothermal fields and active volcanos, (c) perform
atmospheric sounding for meteorology or constituent analyses g

B

up to 15 km ocbove the Martian surface, (d) deploying navi- ;.
gation aids and/or soft landing experiment packages at dis-

’ vy o
R I A

tributed points on the surface, and (e) explcr ion of the
vast canyon network of Mars. The Astroplane soft lander -

-

could be used for (a) gathering widely disbursed samples

and delivering them to a selected site where a Mars sample
return (MSR) vehicle will pick them up, (b) deploy network

-, "t

science (e.g. seismomemeters, meteorology stations, etc.), 2
(c) performing site selection surveys for Mars sample return ;
spacecraft, and (d) perform in situ elemental and mineral
phase analysis or biological exploration at preferred sites. ]

i T TLT e

With twelve Astroplanes, it seems clear that an enormous amount

of relevant scientific data could be gathered from all sectors y
of the Martian planet. The data would be transmitted to :

earth via the Comsat network. An Astroplance mission would ?
make an excellent percurscr to a MSR mission or could comple- é
ment and play a formidable role during a MSR mission. g
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1. INTRODUCTION
1.1 Missjon Description

The mission concept for the Mars airplane has evolved during
this study from the basic idea of simultaneous direct entry of 12 -
14 airplanes from the two planned spacecraft, to the concept of
using three spacecraft, each carrying one comsat and four airplane
capsules (Figure l). In tlLis scenario, the spacecraft are inserted
into a 500 km 4 sol elliptical orbit (Figure 2). The comsats are
separated and maneuvered into a 1 sol circular orbit, 120° apart in
longitude, 28° ipclination, and form a Mars Comsat Network with
100% global coverage These comsats would have very long life,
typical of earth comsats. They would serve as high capacity com-
munication relay satelites to earth for all Mars vehicles, including
sample return, geochemical orbiter, rovers, etc.

Each airplane has its own Viking-like aeroshell and parachute
entry system. The airplane attachment to the central structure mak>s
possible the deorbit of the airplcnes in any order (see Figure 1).
This fact and the fact that being in orbit (able to deorbit an air-
plane at almost any point on Mars at anytime - at 4 sol intervals)
give a very high mission flexibility. The airplane payload capa-
bilaty (up to 100 kg) may be used for different scientific instru-
ment packages, and the decision as to what airplane (with what pay-
load) to deploy when and where on Mars is made during the mission as
more data from airplane missions is accumulated and processed.

Figure 3 shows the weight breakdown of the spacecraft. The
300. kg airplane weight is detailed in section 3.12. The 190 kg
for the entry system and deorbit fuel is based on a study of the
Mars airplane descent system done by Martin Marietta dated June
1978 (report no. MCR-78-570). 29 kg are allocated for the addition
of a sun-tracker and solar cells to one airplane capsule to give it

- a full orbiter capability. This capsule (possibly the one mounted
‘on the end of the superstructure) will be deorbited the last of all
- 5 four airplane capsules. All other weight statements are based on
‘AI*Af_ yarious‘atudies performed by JPL.

H
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The entry system is very similar to the Viking lander —:ntry
system (similar orbit, entry profile, controlled lift entry and
using similar entry rockets), but the aeroshell diameter is in-
cra2 .sed from 11.5 ft (3.5 m) on Viking to 12.5 ft (3.8 m) to
bt utilize the available volume in the Space Shuttle payload
ba . Since the Airplane weighs only 300 kg compared to 660 kg
of the Viking lander, it was possible to make a reduction in entry
system weight using the same technology of the Viking system. An
additional reduction (estimated at 50 kg per system) is achievable
if i1p-to-date aeroshell structural and parachute materials are used.
The big difference between the airplane and Viking descent systems
is that the airplane capsule is an integral unit; the descent system
has no communication, attitude sensors, radar altimeter, computer
or clectrical power source. All of these functions are performed
by the airplane systems; the descent system includes only the aero-
shell and basecover structures, the rocket system and the parachute.

The entry system brings the airplane to a 60 m/sec descend
speed at 7.5 km altitude. The aeroshell is separated, the airplane

daploys its wings, tail, and propeller, then detaches from the para-
¢, ute and flies off.

1.2 Mars Environment

Of all Mars environmental parameters, the most important for
the Mars airplane mission is the Mars atmosphere. Figure 4 shows
density and temperature (based on Viking Lander I measurements) and
calculated speed of sound. The density of Mars atmosphere at ground
level i3 about 1X of its value at sea level on earth (corresponding
to 100,000 :t density altitude on earth). This low density required
the use of large wing area airplane (low wing loading) to be able
to fl: at subsonic speeds and limit the power required to fly to an
acceptable level. The fact that the speed of sound is lower than
~.1 earith (about 70% of its value on sea level earth) severely limits
the propellet rpm if the limiting tip Mach number for efficient
operatior is not to be exceeded.
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Mars atmosphere is mainly CO;, requiring the powerplant
to be non-airbreathing. If we compare the fuel consumption of an
airbreathing piston engine to a Hydrazine monofuel piston engine
(which, for example, powers the NASA Dryden FRC Mini-Sniffer high
altitude RPV) we find that the specific fuel consumption of the
latter is almost 10 times higher. This fact puts a severe range
and endurance limits on the Mars airplane.

Mars gravity is only .377 of earth gravity. This fact off-
sets some of the performance degradation due to the thin atmos-
phere. The reduced gravity gives the Mars lower effective wing
loading and for the same ratio of 1ift to drag a 2.65 time longer
range.

The temperature at ground level on Mars varies between 0
and -120°C. These low temperatures have an impact on the payload,
avionics, fuel and batteries environmental control especially in
case of a soft landing airplane that has to survive the surface
environment for a long time with limited power sources.

The average surface wind velocity measured by the Viking
Landers was quite low (typically below 10 m/sec). But, surface
wind velocity of 30 and even 40 m/sec must be anticipated at cer-
tain landing sites. However, because of the very low density,
these winds would still correspond to relatively low dynamic pres-
sures. With the landing gear configuration designed for the Lander
Airplane, the airplane takes up to 50 m/sec wind at minimum mass
of 150 kg (70 m/sec at 300 kg) before it is blown-over (see para-
graph 3.6). The airplane being optimized for cruise has a rela-
tively low rate of climb (5 - 12 m/sec or 1000 - 2400 ft/min which
is typical for turboprop powered airplanes on earth) may encounter
problems of keeping altitude in a strong downdraft when flying
along the wall of a canyon with a strong side wind. The airplane
computer requires sufficient logic to keep the airplane out of
downdrafts stronger than a certain laimit.

The Mars atmosnhere being very thin, will offer reduced
protection against ultra-violet radiation. This may require the
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use of special coating to protect the structure and system of

the Lander Airplane which is required to survive this radiation

for several months (possibly years).

|
=

1.3 The Scientific Payload
During this study phase a major effort was the study of

c

the airplane role in the future exploration of Mars and the design
of the airplane to be best suited to this role. (his was done

in several steps:

1. Optimize the airplane/descent system to maximize

payload-range capability.

2 2 g2

2. Configure the fuselage to provide a payload volume
of 200 liters for the Hydrazine poweved lander and

more than 300 liters on the cruiser airplan.-.

3. 1Issue preliminary payload interface specifications
to be used by scientists on the Mars project (DSI
technical paper 14134, March 20, 1978).

=

4. 1Integrate the scientists first reactions and define

a possible payload package of 100 kg (see Figqure 5)
including a 100 liters deployable payload (performed
by JPL during April 1978).

Design and build a full scale forward fuselage with
mock-up of the payload package (Figure 6).

6. Discuss the airplane role and payload in a three day
meeting of the Mars Airplane Science working group
(JPL May 8 - 11, 1978).

T BB EE 2 e
7

The Mars Airplane was studied as a transport vehicle for

scientific payloads in three possible missions:
l, Flight surveillance.

2. Deployment of scientific payloads (either in flight
or after landing).

3. Transportation of samples to a central site.
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s
. For all three missions, the main design effort was to

maximize the payload-range capability of the airplane. The maxi-

4] mum payload was increased from 4% kg on the first version presented L

on November 1977 to 100 kg on all airplane versions studied during

E this phase. Even with thce heavier payload and the heavier avionics i
: package needed to perforin the terrain following mission (50 Kka =
. compared to 6 kg on the first version) the range of some new version:s ; j
E was almost doubled. This increase 1n payload-range capability 1s '
the result of two major advances made during this study. .
E 1. An increase of the airplane, wing area from 10 me
to 20 m¢ and of the airplane weight from 204 kg »
ﬂ to 300 kg made possible by an i1n-depth study of the ;
Space Shuttle, spacecraft and descent system and L '
B changing the stowed airplance package size from the
1 m diameter 3 m long cylinder (sce Fiqures 7 - 9) ;
§ specified by JPL on the previous study to a Viking- ‘
like aeroshell of 3.8 m diameter (sec¢ paragraph ' )
1.4). S
3
2. The study of a very high cnergy-density Lithium b’
batteries (300 Wh/1b) and an advancoed lightweight L ;_
packaging tor these batteries to boost the enerqgy b
E density to an estimated 550 Wh/lb. These batteries X
give better airplane performance than the non-oi1r-
: breathing Hydrazine engine (see paragraph 3.12).
)
- For the flight surveillance mission, the larger wing area
# results in a reduction in cruise speed and therefore increased res- X

.
-

olution per available data rate. The reduced minimum speed also
resulted in decreased fuel consumed during landing and take-off |

B
Cetad e,

of the Lander Airplane.

¥

by )
1.4 The Descent System .‘?1
From a study of the Space Shuttle payload capability it E*

was found that a 3.8 m diameter Viking-like aeroshell with a cone 3

angle of 63° and spherical base cover (Figure 10) will best utilize

4 14 vi_ . Vb ,‘J\g;' - .’_"} £
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LS

the volume of the Space Shuttle payload bay asauming the carriage
of twin stage IUS, a Comsat, and 4-7 airplane capaulea (the higher
figure is beyond the Space Shuttle weight limitations on the Mars
Miasion).

The requirement of the desacent system was to decelerate
the airplane to 60 m/asec apeed at 7.% km altitude (Figure 11).
This requirement waa choden to assure a flutter-free deployment
of the large lightweight wing and ample height to assure recaovery
aftar deplo ment (recovery requires 3 km and the pull-up is a 1 g
maneuver, see paragraph 3.4).

After aseraration the deorbit velocity of 60 m/sec will
get the aeroshel) inte the required entry angle (Figure 12), the
parachute deploys at 165 m/sec and 9 km altitude and bringa the
airplane capsule to the required deployment conditiona.

1.5

The tirst consideration that led the deaign approach in

this study waas that the airplane mission involves a complex aystem
(Space Shuttle, Spacecraft, Comsat, desce.t system, airplanc and
payload). In order to be able to achieve a good airplane design it
was essential to work with JPL, Lear Siegler, Inc. (subcontracted to
perform the atudy of the avioniesa), Martin- Marietta, and the Air-
plane Science Working Group to define the inturfacea between the
subsystems 8o that the airplane design will not get into a state of
‘econastantly changing" due to changes in the interface with other
subsystems. It is felt that aystem definition has been achieved so

__that the airplane can praceds inte the detail design phase and pro-
; . totype phase with rolntivoly minor changes due to changes in other
T _wbwuom.

When nppronchinq the deaiqn of a Maras Airplane system we

h«d acme major problems:

1. Low density atmoaphere (requiring a low wing loading
and giving decruvaaed performance due to low Reynolda
numbers) .

- 16 -
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2. Limited aeroshell volume (requiring a deployable
structure to achieve the large wing area).

3. The atmosphere contains no oxidizer (non-airbreathing
engine - about 10 times higher fuel consumption).

4. Airplane weight must be low (for performance and to
satisfy the multiple airplane per spacecraft ap-
proach) .

5. Mapping accuracy of Mars is 5 - 10 km (the airplane
is required to navigaie to a point whose location is
not accurately known).

6. Communication delay (no real-time comnaunication and
earth aided visual navigation and no real-time decision-

making) .

In face of these problems (and tens of other smaller dif-
ficulties) the design approach in this study was to try to solve the
problems in a "direct" way without compromising the mission per-
formance we felt is needed for the Mars Airplane (deploying 4 air-
planes per spacecraft, each carrying a "good size" payload for a
range of several thousands kilometers flying at a relatively low
speed to obtain good resolution imaging with the limited data rate,
accurately navigating to pin-point targets on Mars, accurately follow-
ing the surface contours and, possibly, making & soft landing and
take-off to bring a sample to a central site).
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2. CANDIDATE CONFIGURATIONS

2.1 Basic Configuration
As mentioned previously, both data rate limitations and

flight energy efficiency consideration required a relatively low
flying speed. A study of the Space Shuttle/IUS/Comsat/descent
system/airplane resulted in the weight breakdown given in Figure 3,

.

. .._._..}"’
PR X
LN

FTA 2w

@

which for a 4 airplane per spacecraft mission allocates 300 kg per
airplane. Designing the aeroshell to best use the Space-Shuttle

P O

bR

payload bay cross-section, designing the airplane fuselage as a
“flat-top" to fit into the cone of the aeroshell and using the
thin wing section, it was possible to stow a 20 mZ area 21 m span
wing in the maximum diameter part of the base cover using only

6 wing breaks. The wing loading achieved (55.5 N/m2 with the

3.7 m/sec2 Mars gravity), the high cruise lift coefficient airfoil
and the high aspect ratio (22.05) give a cruise speed of 90 m/sec
(175 kts) at 300 kg airplane mass at 1 km altitude (Mach number

of .37).

m.m?' oy
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B e
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Several different co: figurations were studied including : ;ﬁ‘
pusher engine configurations and canard configurations. It was f
found that the conventional tailed design with the wing near the
center of gravity has important advantages from stowage and aero-
shell center of gravity considerations. o

Other considerations which influenced the choice of the
airplane configuration:

1. The big tail volume to tolerate the possible large i
shifts in center of gravity (due to payload deploy-
ment) .

Sz

2. The large propeller required for efficient high &
altitude (up to 15 km) flight in the Mars thin [l
atmosphere.

3. The preference of a configuration that gives the
maximum possible volume in the aeroshell around the
fuselage center section for protrusions of sensors
(the imaging system for example), and possible future E?k
requirements for more payload volume. -
r
4
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